The article presents the experimental results of the investigation of the absorption spectra and nonlinear refraction of the metaldielectric nanocomposite that contains the lithium niobate pyroelectric crystal coated with the silver nanolms on its surface. The atomic force microscopy surface research of these crystals with and without lms are also provided. The nanowidth silver lms impact on optical spectra and nonlinear refraction of LiNbO3-Ag nanocomposite was analyzed depending on the sign of the side charge of the crystal, that contain nanolms.
Introduction
Lithium niobate LiNbO 3 belongs to the class of perovskite crystals ABO 3 and is characterized by high values of pyroelectric, piezoelectric, acousto-optical, electrooptical and nonlinear coecients, making LiNbO 3 one of the main materials for optical devices manufacturing [1] .
Currently LiNbO 3 is one of the most widely used materials in photonics, based on which acoustic transducers and lters, optical modulators, and converters are produced.
In recent years, the technologies of linear and nonlinear microstructure on the surface of LiNbO 3 are rapidly developing, which leads to the construction of photonic crystals [2, 3] .
The study of plasmon responses in metal nanoparticles deposited on the surface of the dielectric matrix indicates their signicant impact on non-linear and linear susceptibility matrix [4, 5] . Therefore, we can expect that construction of metallic nanoparticles on the LiNbO 3 surface also leads to changes in linear and nonlinear properties of the metaldielectric nanocomposites, which might be useful to extend its practical application.
In this paper the morphology of silver nanoparticles deposited on the surface of the monocrystalline LiNbO 3 and its impact on the linear and nonlinear optical response of the metaldielectric nanocomposite are studied.
Experimental
Silver lms were obtained from magnetron sputtering in vacuum on the installation for combined sputtering COM-TH2-SP2-ION (TORR, USA). The lms were * corresponding author; e-mail: alex.kuschnir@gmail.com sputtered onto 16 × 8 × 0.8 mm 3 substrates. The substrates were fabricated from monocrystalline lithium niobate, with the crystallographic axis Z directed perpendicularly to the substrate plane.
The thickness of the silver lms was varied in the range of 14 nm, the lm sputtering was performed at a speed of 0.7 Å/s, the substrate temperature was equal to 50
• C.
The topology of the surface was investigated with the use of an atomic force microscope (AFM) NTMDTSolverPro 47 and was registered in a semicontact regime, by applying an NSG 10, probe with a tip radius of about ≈ 10 nm. Numerical parameters for elements of the lm structure were obtained by the combination of methods surface topology cut algorithm with automatically height select and the watershed method [6] . This procedure allowed us to distinguish the particle boundaries on the image, determine the particle shape, and nd the geometrical parameters. In order to enhance the reliability of the results, the data obtained for the surface topology at various lm sites were averaged over the ensemble.
The transmission and reection spectra were measured using the double-beam spectrophotometer Shimadzu UV-3600 in 3001600 nm interval with a step of Z-scan experiment allows us to calculate nonlinear refractive index n 2 , included in known expression for the total refractive index n = n 0 + n 2 |E| 2 , where n 0 linear refractive index, E the amplitude of the electric eld intensity of the laser radiation. Nonlinear refractive index n 2 on normalized Z-scan spectra conducted by the formulae [8]:
where ∆Φ 0 nonlinear phase distortion, k = 2π λ wave vector, I 0 the maximum intensity of the laser in focus, L ef f eective thickness of the sample:
where α linear absorption coecient at wavelength of 532 nm, L thickness of the sample. Nonlinear phase distortion ∆Φ 0 empirically associated with a change in normalized transmittance ∆T Z = T +Z − T −Z , obtained from the experimental Z-scan spectrum
where S transmission aperture without sample, ∆T Z the dierence of the transmission maxima T in case of positive (T +z ) and negative (T −z ) coordinates Z. In our experiment with a closed diaphragm S is equal to 0.07 of the incident light aperture intensity.
Results and discussion
The absorption spectra of Ag lms, sputtered on the positively charged surface of the LiNbO 3 , contain band with maximum shifted from 520 to 610 nm depending on growing mass lm thickness (Fig. 1a) . To conrm this conclusion, the spectra were obtained in the one process cycle for Ag lms on the glass substrate and on positively and negatively charged LiNbO 3 surfaces (Fig. 1b) .
The position of the peak of plasmon absorption of silver nanoparticles on a glass substrate is at 532 nm, while for LiNbO 3 substrates the peak position equals to 564 nm (Fig. 2c) .
Digital processing with watershed method [6] allowed us to obtain the numeric properties of the individual silver nanoparticles. The received distri-I. Bolesta et al.
butions are shown in Fig. 3 . From comparison of distributions by equivalent radii (Fig. 3a) and height (Fig. 3b) we infer the form of average nanoparticles, that formed during the silver lm with mass thickness d m = 1 nm sputtered on the LiNbO 3 surface. The average particles have the oblate spheroid form (disks) with the mean radius r = 7 nm and height h = 1.2 nm. Then the relation r/h can be considered as the ratio of the main axes a/c ≈ 5.8 of oblate spheroid. It should also be noted that the maximum of the plasmon absorption for silver lm deposited on the negatively charged side shifted into the long-wavelength region for this reason. Figure 4 shows the Z-scan spectra of LiNbO 3 crystals with the silver lm of 1 nm mass thickness deposited to the negatively charged crystal surface (Fig. 4a) and positively charged crystal surface (Fig. 4b) . 
Conclusions
To summarize, while sputtering the silver nanolms on the surface of a lithium niobate crystal the disk-shaped nanoparticles are formed, in which the surface plasmon resonance appears as the response to the incident light, this resonance manifests in the absorption spectra band.
With the increasing mass thickness of the nanolms maximum peak of the resonance shifts to long-wavelength region. The position of the maximum also depends on the crystal surface charge sign: plasmon, the absorption peak position shifted to long-wavelength region when Ag lms are sputtered on the negatively charged side of the LiNbO 3 crystal. A similar impact of nanolm on the nonlinear refraction of nanocomposite is also detected.
When the lm is sputtered on the negatively charged side of the LiNbO 3 crystal, nonlinear refraction increases, particularly while light propagates in the lmcrystal direction, whereas when the lm is sputtered on the positively charged side on the contrary, nonlinear refraction decreases. This eect can be used to determine a charge sign of lithium niobate surface in the relatively simple way.
